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SHIP 1 MODULATORS 
Technical Field of the Invention 

The present invention relates to SHIP 1, a regulator of cell proliferation 
and survival and immune cell activity. 

Background of the Invention 

SHj-containing inositol 5-phosphatase (SHIP 1), is an important negative 
regulator of cell proliferation Md survival, as well as of immune cell activation. United 
States Patent No. 6,238,903 discloses that SHIP 1 is an enzyme regulator of signaling 
pathways that control gene expression, cell proliferation, differentiation, activation, and 
metabolism, particularly of the Ras and phospholipid signaling pathways. SHIP 1 
disrupted (SHIP 1 -/-) mice exhibit a myeloproliferative phenotype characterized by 
overproduction of granulocytes and macrophages' . SHIP 1 -/- mast cells are more prone 
to IgE and Steel factor induced degranulation, while SHIP 1 -/- B cells are resistant to 
negative regulation by Fc RUB. SHIP 1 is also involved in the pathogenesis of chronic 
myelogenous leukemia^. 

A sesquiterpene compound termed pelorol may be obtained from various marine 
sponge species, including Petrosaspongia metachromia and Dactylospongia elegans. 
Kwak et al. and Goelik et al. each disclosed the structure of pelorol and its extraction 
from different marine sponges.^’'' The precise structure of pelorol is shown below, with 
Me representing a methyl group. 



OH 




1 
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Summary of the Invention 

This invention is based on the discovery that pelorol and related compounds are 

capable of modulation of SHIP 1 activity. 

This invention provides a compound or a pharmaceutically acceptable salt thereof, 

5 the compound being capable of modulation of SHIP 1 activity, 

wherein die compound does not have the precise structure of pelorol but is a 

compound of Formula I: 




wherein: 

the ring comprising U1-U4 is aromatic and Ul, U2, U3, and U4 are independently 
selected from the group consisting of: CH, N, NH, NR, C= 0 , CX, and CRi; 

Vi, V2, V3, and V4 are independently selected from the group consisting of: CH, 

15 CRi,CX,andC=; 

Z is a saturated, partially unsaturated, or unsaturated linear alkyl chain of between 
one and six carbons that may be substituted with one or more of: Rj, epoxide, ketone 
(=0), thiocarbonyl (=S), oxime (=N-OH), -OH, -OR, -O2CR, -SH, -SR, -SOCR, -NH2, 
-NHR, -NR2, -NR3^, -NHCOR, -I, -Br, -Cl, -F, -CN, -CO2H, -CO2R, -CHO, -COR, 

20 -CONH2, -CONHR, NRCOR, -CONR2, -COSR -NO2, -OSO3H, -SO3H , -SOR, or 

-SO9R; wherein one or more GH2 groups in the alkyl chain may be replaced by O, S, or 
NR; and one or more C or CH groups in the alkyl chain may be replaced with NR; 

W is a saturated, partially unsaturated, or unsaturated linear alkyl chain of 
between one and six carbons that may be substituted with one or more of: Rj, epoxide, 
25 ketone (= 0 ), thiocarbonyl (=S), oxime (=N-OH), -OH, -OR, -O2CR, -SH, -SR, -SOCR, 
-NH2, -NHR, -NR2, -NR3'', -NHCOR, -I, -Br, -Cl, -F, -CN, -CO2H, -CO2R, -CHO, 
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-COR, -CONH2, -CONHR, NRCOR, -CONR2, -COSR -NO2, -OSO3H. -SO3H , -SOR, 
or -SO2R; and one or more CH2 groups in the alkyl chain may be replaced by O, S, or 
NR; and one or more C or CH groups in the alkyl chain may be replaced with NR; 

Y is a saturated, partially unsaturated, or unsaturated linear alkyl chain of between 
5 one and six carbons that may be substituted with one or more of: Ri, epoxide, ketone 
(= 0 ), thiocaibonyl (=S), oxime (=N-OH), -OH, -OR, -O2CR, -SH, -SR, -SOCR, -NH2, 
-NHR, -NR2, -NRs"^, -NHCOR, -I, -Br, -Cl, -F, -CN, -CO2H, -CO2R, -CHO, -COR, 
-CONH2, -CONHR, NRCOR, -CONR2, -COSR -NO2, -OSO3H, -SO3H , -SOR, or 
-SO2R; and one or more CH2 groups in the alkyl chain may be replaced by Oj S, or NR; 

10 and one or more C or CH groups in the alkyl chain may be replaced with NR; 

Ri is selected from the group consisting of: methyl; and a linear, branched, or 
cyclic saturated, partially saturated, or unsaturated alkyl group containing one to ten 
carbons that may be substituted with one or more of: -OH, -OR, = 0 , =S, =N-OH, -O2CR, 
-SH, -SR, -SOCR, -NH2, -NHR, -NR2, -NRa"", -NHCOR, -I, -Br. -Cl, -F, -CN, -CO2H, 

1 5 -CO2R, -CHO, -COR, -CONH2, -CONHR, NRCOR, -CONR2. -COSH, -COSR-, CSOR, 
NO2, -OSO3H, -SO3H, , -SOR, or -SO2R; 

X is selected from the group consisting of: OH, -OR, -O2CR, -SH, -SR, -SOCR, 
-NH2, -NHR, -NR2, -NRs'", -NHCOR, -I, -Br, -Cl, -F, -CN, -CO2H, -CO2R, -CHO, 

-COR, -CONH2, -CONHR, NRCOR, -CONR2, -COSH, -COSR-, CSOR, NO2, -OSO3H, 
20 -SO3H, , -SOR, -SO2R, -SO2NH2, -SO2NHR, and -SO2NR2; and, 

R is a linear, branched, or cyclic one to ten carbon, saturated, partially saturated, 
or unsaturated alkyl group. The aromatic ring comprising U1-U4 includes ortho and para- 
quinones. 

The following are preferred components and substituents for Formula I, which 
25 may be independently selected and in any combination. Preferably, Ui, U2, U3 and U4 are 
independently CH, CX, or CRi; Z is an alkyl chain of 3 , 4 , or 5 atoms, more preferably 
being carbon atoms or carbons in C, CH, or CH2 groups which have been replaced as 
defined; W is an alkyl chain of 2 or 3 atoms, more preferably being carbon atoms or 
carbons in C, CH or CH2 groups which have been replaced as defined; and/or Y is an 
30 alkyl chain of between 1 and 3 atoms, more preferably being carbon atoms or carbons in 

C, CH, or CH2 groups which have been replaced as defined. Even more preferably, Z has 

3 
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a chain of 4 atoms as defined; W has a chain of 2 atoms as defined; and/or Y has a chain 
of 1 or 2 atoms as defined. It is also even more preferred that the atoms of the chains of 



Z, W, and Y and the ring comprising U 1 -U 4 be carbon atoms. 

This invention also provides a pharmaceutical composition for the treatment or 
prevention of an immune, inflammatory, or neoplastic condition or disorder comprising 
pelorol or another compound of Formula I, or a pharmaceutically acceptable salt thereof, 
and a pharmaceutically acceptable carrier. Such compositions may comprise two or more 
different compoimds of Formula I, one of which may be pelorol. 

This invention also provides a method of treatment or prevention of an immune, 
inflammatory, or neoplastic disorder or condition, comprising administering to a patient 
in need of such treatment or prevention, an effective amoimt of pelorol or other 
compound of Formula I, or a pharmaceutically acceptable salt thereof. 

This invention also provides the use of pelorol or another compound of Formula I, 
or a pharmaceutically acceptable salt thereof, for modulation of SHIP 1 activity and for 
preparation of agents for the modulation of SHIP 1 activity. Such modulation may be in 
vitro or in vivo. Agents for in vivo use include the pharmaceutical composition described 
above and the modulation may be for the above described treatment or prevention of 
conditions or disorders. 

Compounds of Formula I including pelorol may be prepared in whole or in part 
from natural sources such as by fractionating extracts of marine sponges, or synthesized 
according to methods as disclosed herein. 

This invention also provides a method of making a compound of Formula I, 



comprising: combining a lactone of Formula II: 



0 

\\ 



z 








in which V 1 -V 4 , Y, W and Z are as defined for Formula I, with an aromatic ring of 
Formula III: 
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in which UrU 4 are as defined for Formula I and Nu is a nucleophilic reactive group, to 
produce a compound of Formula IV: 




reducing the compound of Formula IV to produce a compoxmd of Formula V: 




condensing the compound of Formula V to produce a compound of Formula L 

Component Y in compounds of Formula I produced by the preceding method 
from a single compound of Formula II may have different degrees of saturation as 
compared to Y in the starting material (see Tables 1 and 2 for examples). In order to 
reduce the number of atoms in the ring of Formula I which comprises Y (e.g. from a 6 
membered ring to a 5 membered ring), a compound of Formula I having an unsaturated Y 

5 
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may be selected and subjected to oxidizing and reduction steps to reduce the size of tide 
ring comprising Y. 

A preferred embodiment of the preceding method starts with an aromatic 
compound of Formula I comprising a (non-heterocyclic) ring of carbon atoms. A 
5 preferred nucleophile (Nu) is lithium (Li) which may be substituted onto the ring for a 
halogen such as bromine (Br) at the same time as combination of the aromatic starting 
material with a compoimd of Formula D. Preferably, U1-U4 are CX or CRj, with Rj 
preferably being limited to R as defined above. Preferably, U2 in the starting material of 
Formula III is an activating group such as -OMe or NHAc (Me = methyl and Ac = acyl) 

10 which group may be subsequently converted to a desired substituent for U2. Substitutents 
may also be protected, where appropriate with a protecting group (P) such as TBS. 

Pelorol and other compounds having the structure of Formula I exhibit SHIP 1 
agonist activity. By activating SHIP 1, such agonists are particularly useful in the 
treatment of inflammatory diseases, such as those involving macrophage proliferation or 
1 5 activation, neoplastic diseases such as myeloid and lymphoid leukemias, as an 
immunosuppressive agent and for affecting mast cell degeneration such as in the 
treatment or prevention of allergies. 

Brief Description of the Drawings 

20 The figures of the invention are best understood when read in conjunction with the 

following detailed description and the examples. 

Figure 1 is a graph depicting the effect of sponge extracts on SHIP 1 activity in 
vitro. The assay was performed in 96-well microtitre plates. SHIP 1 enzyme was 
produced with a hemagglutinin and a hexahistidine tag, from a mammalian expression 
25 vector. The His tag was employed to enhance purification. SHIP 1 enzyme (lOng) was 
incubated with extract or DMSO for 1 5 minutes at room temperature before addition of 
200 M inositol- 1 , 3 , 4 , 5-tetrakisphosphate. The reaction was allowed to proceed for 20 
minutes at 37 degrees C. The amount of inorganic phosphate released was then assessed 
by the addition of malachite green reagent followed by an absorbance measurement at 
30 650 nm. 

Figure 2 is a graph depicting the effect of pelorol on macrophage nitric oxide 
(NO) production. Wild-type or SHIP 1 -/- macrophage cells were aliquoted into 

6 
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microtitre plates (5x1 OVwell) and activated with 1 g/mL endotoxin in the presence or 
absence of PNG95-127 or DMSO carrier. The cells were incubated at 37 degrees C, 5% 
CO 2 for 24 hours and the culture supernatant was removed for NO determination using 
the Griess reagent, as shown. 

Detailed Description of the Invention 

In a preliminary screen of 150 marine organism extracts, two extracts which 
activated SHIP 1 were identified (Figure 1). SHIP 1 assay-guided fractionation of one of 
these extracts resulted in the identification of the active compound as being pelorol. The 
origin and processing of the extracts which tested positive in the screen is described in the 
paragraph immediately below. 

Specimens of the brownish sheet sponge Dactylospongia elegans (order 
Dictyoceratida, family Spongiidae) were collected by hand using SCUBA at a depth of 5- 
10 m from a protected overhang in Rasch Passage on the outer reef of Madang Lagoon, 
Papua New Guinea, in January 1995. Freshly collected sponge was frozen on sight and 
transported to Vancouver, Canada over dry ice. The sponge was identified and for 
verification, a voucher sample was placed in the Zoological Museum of Amsterdam 
(ZMA POR. 15986). The frozen sponge (120 g) was cut into small pieces, immersed in 
and subsequently extracted repeatedly with MeOH (3 x 250 mL). The combined 
methanolic extracts were concentrated in vacuo and then partitioned between EtOAc (4 x 
100 mL) and HjO (300 mL). The combined EtOAc extract was evaporated to dryness in 
vacuo to yield 490 mg of a brownish purple oil, found to contain pelorol. 

A synthetic scheme for making pelorol and other compounds of Formula I is set 
out above. The following Tables (1-5) provide detailed examples of such synthesis and 
examples of different compounds of Formula I prepared thereby. In the following Tables, 
the ring comprising component Y as defined in Formula I is termed the ‘ C ring. An 
analog identical to pelorol except that the “C” ring has six members, is termed 
“homopelorol”. 
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TABLE 1 : Example of synthesis of compounds of Formula I where the aromatic ring 
comprising U1-U4 is a benzene ring. Here, substituents are as defined for Formula I with 
R being Ri as in Formula I, limited to methyl and unsubstituted alkyl groups. X1-X3 is X 
or Ri as defined in formula I or is H. Preferably, X2 is an activating group such as OMe 
and NHAc. ArBr is a halogen (Br) substituted benzene ring for which replacement of the 
halogen provides a compound of Formula III in which Nu is Li. 
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TABLE 2: Example of synthesis of pelorol and 5 and 6 membered ring analogs starting 
with sclareolide as the compound of Fonnula H. Teiminology and preferences are as 



described for Table I. 





ArBr 

n-butyly PtKum 


^Ar 


1.NaBH4 

2.SnCl4 

NaBHi 






X 






X. 




1.NaBH< 

2.SnQ4 






Six membered ringC 
analogs 
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TABLE 3: Example of synthesis of homopelorol. 




homopelerol 
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table 4: Example of synthesis of PNSR-4A, a homopelorol analog. 





SnCU 
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TABLE 5; Example 5 of homopelorol analogs made by preceding methods. 
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Pelorol and SHIP 1 agonist compounds of this invention exhibit anti-inflammatory 
actions on macrophages and mast cells in intact cell-based assays, and inhibit nitric oxide 
production from endotoxin activated wild-type macrophages. Results obtained for 
pelorol are shown in Figme 2. Such inhibition is not observed in SHIP 1 -/- 
5 macrophages. Pelorol and compounds of this invention also inhibit IgE induced mast cell 

degranulation. 

Compounds for use in this invention may be formulated into pharmaceutical 
compositions in any number of ways, which would be known to a person of skill in the 
art, all of which are within the scope of the invention. The person of skill in the art may 
1 0 be expected to select appropriate pharmaceutically acceptable salts as well as appropnate 
pharmaceutically acceptable excipients, diluents, and carriers. 

SHIP 1 modulators and pharmaceutical compositions of this invention may be 
administered to patients in need of treatment for cancer (neoplastic diseases), other cell 

proliferative disorders, inflammatory diseases and immune diseases. Treatment of 

1 5 neoplastic diseases such as, but not limited to, leukemias, carcinomas, sarcoma, 

melanomas, neuroblastoma, capillary leak syndrome and hematological malignancies are 
within the scope of this invention. Diseases with an inflammatory component include, 
but are not limited to, rheumatoid arthritis, multiple sclerosis, Guillan-Baire syndrome, 
Crohn’s disease, ulcerative colitis, psoriasis, graft versus host disease, host versus graft, 
20 lupus erythematosis, Alzheimer’s disease and insulin-dependent diabetes mellitus. 
Diseases related to inappropriate activation of macrophage-related cells of the 

reticuloendothelial lineage include osteoporosis. 

Although the foregoing invention has been described in some detail by way of 
illustration and example for purposes of clarity of understanding, it will be readily 
25 apparent to those of skill in the art in light of the teachings of this invention that 

changes and modification may be made thereto without departing from the spirit or 
scope of the appended claims. All patents, patent applications and publications 
referred to herein are hereby incorporated by reference. 
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We claim: 

1. A compomri capable of modalabon of SHIP 1 activity, the compotmd being of 
Formula I or a pharmaceutically acceptable salt thereof, 




wherein: 

the ring comprising U,-U4 is aromatic and U,, U^, U3, and U4 are independentiy 

selected from the group consisting of: CH, N, NH, NR, C=0, CX, and CRi; 

Vi, V2, V3, and V4 are independently selected from the group consisting of: CH, 



15 



20 



25 



CR15 CX5 3nd C 5 

z is a saturated, partially unsaturated, or unsaturated linear alkyl chain of between 
one and six carbons that may be substituted with one or more of: R,, epoxide. =0, =S, 
=N-OH, -OH, -OR, -O2CR. -SH, -SR. -SOCR, -NH2, -NHR, -NR2, -NR3^ -NHCOR, -I, 
-Br, -Cl, -F. -CN. -CO2H. -CO2R, -CHO. -COR, -CONH2, -CONHR, NRCOR, -CONR2, 
-COSR -NO2, -OSO3H, -SO3H , -SOR, or -SO2R1 wherein one or more CHz groups in the 
alkyl chain may be replaced by O, S, or NR; and one or more C or CH groups in the alkyl 
chain may be replaced with NR, 

W is a saturated, partially unsaturated, or unsaturated linear alkyl chain of 



between one and six carbons that may be substituted with one or more of: R,, epoxide. 
-O, =S, -N-OH, -OH, -OR. -O2CR. -SH, -SR, -SOCR, -NHz, -NHR. -NRj, -NRs*, 



NHCOR, -I, -Br, -Cl, -F, -CN, -COjH. -CO2R, -CHO, -COR, -CONH2, -CONHR. 
IRCOR, -CONR2. -COSR -NO2, -OSO3H, -SO3H , -SOR. or -SO2R; and one or more 



CHr groups in the alkyl chain may be replaced by O, S, or NR; and one or more C or CH 
groups in the alkyl chain may be replaced with NR: 
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Y is a saturated, partially unsaturated, or unsaturated linear alkyl chain of between 
one and six carbons that may be substituted with one or more of: Ri, epoxide, =0, =S, 
=N-OH, -OH, -OR, -O2CR, -SH, -SR, -SOCR, -NH2, -NHR, -NR2, -NRs"^, -NHCOR, -I, 
-Br, -Cl, -F, -CN, -CO2H, -CO2R, -CHO, -COR, -CONH2. -CONHR, NRCOR, -CONR2, 
-COSR -NO2, -OSO3H, -SO3H , -SOR, or -SO2R; and one or more CH2 groups in the 
alkyl chain may be replaced by O, S, or NR; and one or more C or CH groups in the alkyl 
chain may be replaced with NR; 

Rj is selected from the grovq) consisting of: methyl; and a linear, branched, or 
cyclic saturated, partially saturated, or unsaturated alkyl group containing one to ten 
carbons that may be substituted with one or more of: -OH, -OR, =0, =S, =N-OH, -O2CR, 
-SH, -SR, -SOCR, -NH2, -NHR, -NR2, -NRa"", -NHCOR, -I, -Br, -Cl, -F, -CN, -CO2H, 
-CO2R, -CHO, -COR, -CONH2, -CONHR, NRCOR, -CONR2, -COSH, -COSR-, CSOR, 

NO2, -OSO3H, -SO3H, , -SOR, or -SO2R; 

X is selected from the group consisting of: OH, -OR, -O2CR, -SH, -SR, -SOCR, 
-NH2, -NHR, -NR2, -NR3‘", -NHCOR, -I, -Br, -Cl, -F, -CN, -CO2H, -CO2R, -CHO, 

-COR, -CONH2, -CONHR, NRCOR, -CONR2, -COSH, -COSR-, CSOR, NO2, -OSO3H, 
-SO3H, , -SOR, -SO2R, -SO2NH2, -SO2NHR, and -SO2NR2; and, 

R is a linear, branched, or cyclic one to ten carbon, saturated, partially saturated, 

or unsaturated alkyl group; 

providing that the compound is not pelorol. 

2. The compound or salt of claim 1, wherein Ui, U2, U3 and U4 are independently 
CH,CX.orCRi. 

3. The compound of claim 2, wherein Uj, U2, U3 and U4 are independently selected 
from CH, COR, and COH. 

4. The compound or salt of claim 1, 2, or 3, wherein Z is an alkyl chain of 3, 4, or 5 
atoms, being carbon atoms or carbons in C, CH, or CH2 groups which have been replaced 
as defined. 
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5. The compound or salt of any one of claims 1-4, wherein W is an alkyl chain of 2 

or 3 atoms, being carbon atoms or carbons in C, CH or CH2 groups which have been 
replaced as defined. 

Xhe compound or salt of any one of claims 1-5, wherein Y is an alkyl chain of 
between 1 and 3 atoms, being carbon atoms or carbons in C, CH, or CH2 groups which 
have been replaced as defined. 

<7 Xhe compound or salt of any one of claims 1-6, wherein Z has a chain of 4 atoms. 

8. The compound or salt of any one of claims 1-7, wherein W has a chain of 2 atoms. 

9. The compound or salt of any one of claims 1-8, wherein Y has a cham of 1 or 2 
atoms. 

10. The compound or salt of any one of claims 1-9, wherein the atoms of the chains of 
Z, W, and Y are carbon atoms. 

11. The compound or salt ofclaiml, selected from the group consisting of 

homopelorol, PNSR-4A, PNSR-5A, PNSR-6A, PNSR-8A and PNSR-9A. 

12. A method of treatment or prevention of an inunune, inflammatory , or neoplastic 
condition or disorder, comprising administering to a patient in need thereof, an effective 
amount of one or more of: pelorol and a compound as defined in any one of claims 1-11, 
or pharmaceutically acceptable salts thereof. 

1 3 . The method of claim 1 2, wherein the treatment or prevention is of an 
inflammatory condition associated with rheumatoid arthntis, multiple sclerosis, Guillain- 
Barre syndrome, Crohn’s disease, ulcerative colitis, psoriasis, graft versus host disease, 
host versus graft disease, lupus erythematosis, Alzheimer’s disease, capillary leak 
syndrome, insulin-dependent diabetes mellitus, osteoporosis or another disease related to 
inappropriate activation of macrophage-related cells of the reticuloendothelial lineage. 
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1 4. The method of claim 12, wherein the treatment or prevention is of a neoplashc 
disorder, wherein the disorder is a leukemia, carcinoma, sarcoma, melanoma, 
neuroblastoma or a hematological malignancy . 

1 5 . The method of claim 1 4, wherein the disorder is a leukemia. 

1 6. The method of claim 1 2, wherein the treatment or prevention is of an allergy. 

17. A pharmaceutical composition for the treatment or prevention of an immime, 
inflammatory, or neoplastic condition or disorder comprising a pharmaceutically 
acceptable carrier and one or more of pelorol and a compound as defined in any one of 
claims 1 - 1 1 , or phasmaceutically acceptable salts thereof. 

18. The use of pelorol or a compound as defined in any one of claims 1-11 or a salt 
thereof, for modulation of SHIP 1 activity. 

'pjje use of pelorol or a compound as defined in any one of claims 1-11 or a salt 
thereof, for preparation of a medicament for modulation of SHIP 1 activity. 



20. The use of claim 1 8 or 1 9, wherein the modulation is agonistic. 



21 . A method of making a compound of Formula I as defined in claim 1, comprising, 

combining a lactone of Formula 11: 



z 



I 



0 

W 

vD 



'v; 

/ 

w 



:h: 
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in which V 1 -V 4 , Y, W and Z aie as defined for Fonn^a I, with an aromatic ring of 
Formula III: 



5 




in which. U,-U 4 are as defined for Formula 1 and Nu is a nucleophilic reactive group, to 
produce a compound of Formula IV : 



15 




20 



25 



reducing the compound of Formula IV to produce a compound of Formula V. 

Ui: 



Uj 

\ 



W 3T 



U3 



30 

condensing the compound of Formula V to produce a compound of Formula 1. 
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22. The method of claim 21, wherein the compound of Fonnula I produced thereby 
comprises an unsaturated moiety in Y and the method further comprises oxidizing and 
reducing the compound comprising an unsaturated moiety in Y to reduce the number of 
atoms in the ring comprising Y. 

23. The method of claim 21 or 22, wherein the compound of Formula II is sclareolide. 

24. The method of any one of claims 21-23, wherein Ua in the compound of Formula 
III is an activating group. 
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endotoxin endotoxin + endotoxin + 

Raschol DMSO (canter) 



FIGURE 2 
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